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Claims 




1. A mixed-mode fuel injecto r r wh i ch i s a h i gh accuracy couple of component s 
comprising: 

(I) a nozzle hnriyjg ), wh i ch hac fuol comprising p assagesjorfyel , which has ^^an 

inner cylindrical spaces for receiving a mnw i b le part needle valve, and a conical surface 
(C) close to the tip (7) of the nozzle body for guiding a so rav of fuel;? 

(ii) a needle valve (1). which has a converging-diverging conical head thefebyfor 

guides the flow of guiding a sorav of f uel T and which is movable back and forth and 
received in said nozzle body, wherein said needle valve is at a biased closing position or 
an opening position defined by driving means; and? 

(iii) a micro-variable-circular-orifice (4) comprising a variable circular ring aperture 

between said needle valve and said nozzle body and a p l ura li ty of m i cro channe l s, 
_^_whemitt -such that i t hac m o ano of d i ocharging f uel is dischargeable in variable 
sprays of conical and conical-multi-jet shapes through said micro-variable-circular-orifice 
by lifting said needle valve at different magnitudes. 

2 A mixed-mode fuel injector acr.nrriina to cl aim 1. wherein the micro-variable- 
circular-orifice (4) further comprises a plurality o f micro-channels (6), 
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A fuol injoctor, which io a high accuracy oouplo of oomponontc compric i ng: (i) a 




nozzio body, which hac fuol paooagoo, which hoc i nner cylindr i ca l cpacoo for rocoiv i ng a 
movable part, which hac a con i ca l curfaco c l ooc to i ts tip for guid i ng fuol epray c , (ii) a 
n co dl o ualT / c, wh i ch has a oomeigtag miming con i ca l hood thereby gu i doc the f l ow of 

^ . . . , .. i — ■ = — ■ — ^-r-rir. hnrfu wherein sa i d 

fuo l , wh i ch i o movab l e - 

noodlo vo l vo i o at a b i a i 

Mid n oo dlo v a lv r and said nozzle hnriy wherein i t hac moanc of discharging fuol in 
varioblo c prayc of conical chapoo through c n id micro var i ab l o c i rcular orifico h y li ftin g 
c aid no o d l o vn l vn at Hiffnr " nt magnitudes. 

3 a mixed-mode fuel iniecto rT ho fuo l injoctor of according to claim 1_or2- wherein 
cloco to the tip s urf ace nozzle hnrirr thoro i c a conical curfaco for gu i d i ng fuo l sprays, 
the conical surface JC} ean-bejias a single conical surface* 

4 A mixed-mode fuel injector acco r rtinn to claim 1 or 2. wherein T the conical surface 
lcs i S an integrated conical surface wtth -havina t wo or more conical surfaces with 
different conical angles connected together 
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5. A mixed-mode fuel injector according to claim 1 or 2. wherein the conical surface 
(C) is j-ef-a diverging curved surface. 

64. A mixed-mode fuel injector according to claim 1 or 2 T ho fuel i njoctor of c l aim 1 , 
wherein the needle lift for the opening position is approximately in the range of 0-300um, 
the needle head diameter is approximately in the range of 0.8-3.5mm, andjhe angle 
between the centerline of the nozzle body i51_and the inner conical surface ICLat the 
nozzle body tip (Zl_is approximately in the range of 35-75 degrees. 

7§. A mixed-mode fuel injector awarding to claim 2. Tho fuol i njoctor of c l a i m 1 has 
wherein the a -plurality of micro-channels (6) is on the said conical surface (QLwith the 
cross section s that are nhaoo of one or more of semi-circles, arcs, triangles, trapezoids 
or other polygons,. 

a a mivftd-mode fuel injector according to claim 2. T-wherein th e needle head (3) 
remains at least nartiallv recei v er! within the tip (7) as the needlf valve (1) is moved back 
and forth between the biased rinsing positio n and opening p osition tho noodlo hoad is 
p arti a l l y or fully me r ged thn tip r . ,rf-vn n f tho nozzlo b o dy during tho nood l o l i fting, 
when the nccdlo valve is lifted *,.r.h that when f uel is injected through the micro variable 
aperture ^between the needle head and said conical surface of the nozzle body, fuel is 
also injected through the multiple micro-channelsJ21, the upper surface of the needle 
head and the conical surface(s> serve as guiding surfaces for fuel sprays. 

96 a mired-mode fye] injector accordin g t o claim TThe f u el i njoctor of nhi m 5, 
wherein there are about 4-20 micro-channels (glwith the cross-section shape-of either 
semi-circles with the diameters approximately in the range of SO-SOOum, 

10 A mixert-mnrte fuel Injector according to c l a i m 7 w herein , or other ohapoc n * 
described i n r ln im 5 there are *hn„t 4-20 micro-channels (6) having a cross-section 
Other than semi-circles w ith the maximum dimension approximately between 5C-400um iT 

1 1 A mixed-mnH» f, ,el injector according to anv nf claims 2 to 1 0, wherein .the sizes 
of said micro-channelsJ6> ean-be-arethe same, 

12 A mixed-™** fuel inject o r according to anv of claims 2 to 10 wherein the sizes 
of th» micro-channels (6) are or-different depending on specific needs of atomizatioa 
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13. A mixed-mode fuel injector according to ^anv of claims 2 to 1 2. wherein the said 
micro-channels (6) are distributed on or under the conical surface_(C}r-ttu*6^ so that they 
ean-beare open channels or closed channels. 

14?. A mixed-mode fuel injector according to claim 2 has A fuel injector of claim 1 has 
a plurality of micro-channels underneath the said conical surfaceJCL _ - with the cro s s 
Goct i on shape of oonvont i onal nozzlo ho l os, wh i ch can formjng a_sac-hole or valve- 
covered-orifice multi-hole type injector through blocking the circular aperture by the 
needle head at a predefined needle-lift range. 

158. a mixed-mode fuel injector according to claim 2. T hc fuo l i njootor of claim 1 ha s 
means af generating wherein d ifferent shapes of fuel sprays are generated by changing 
the magnitude of lift of said needle valve.H L, - wh o ro i n and the needle valve is arranged 
within the nozzle body. (5) so that, at low to medium injection loads, fuel is mainly injected 
through the variable circular aperture between the needle head QLand nozzle bodylll, 
thus mainly forms a conical shape spray, while at high injection loads, fuel is injected 
through both the variable circular aperture between the needle head and nozzle body 
and the micro-channels J61. thus forms a mixed-mode conical-multi-jet shape spray, 
whereby provides different atomization desired by engine combustion at different loads. 

Igg. A mixed-mode fygj iniector P ^rriinn to claim 2.A f u ul injector of oln im 1 hn s 
mcano of generating whgreindifferent shapes of fuel sprays are generated by changing 
the magnitude of lift of said needle valve (1) and the needle valve is arranged within the 
nn^ip hodv (5) so that.^ herein-.at low to medium injection loads, fuel is mainly injected 
through the variable circular aperture between the needle head £3)_and nozzle body, thus 
mainly forms a conical shape spray, while at high injection loads, the needle head can 
completely or partially block the variable circular aperture, whereby fuel is fully or mainly 
| injected through the micro-channelsi6}. which can be open channels or closed channels 
depending on penetration needs, thus mainly forms conventional multi-hole sprays at 
high loads, whereby provides different penetration desired by engine combustion at 
different loads. 

10. T he fu e l inj-+" el ete ta 2 wherein o l ooo to tho tip ourfaoo of nozzlo body thor e 
i s 3 coni c a l swfeee-the sonisal surface tr of a c i nglo conical outface, an integrated 
conical curfaco comprising two or moro coni cal curfococ w i th di fferent conica l angle s, n 
di verging ourvo ourfaoo. tho uppor rim of tho head of tho noodlo va l vo i c morgod in th o tip 
curfaco of tho na ? T\ r h^ y «"™<j needle lift i ng, whon tho noodlo valvo io l i ftod. fuo l io 
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i njoctod through sa i d micro variable aporturo between tho no e dlo hoad and conica l 
surface of the nozzle body. 

1744. A mixed-mode fuel injector according to claim 1 or 2 T ho fuel i njector of claim 1 or 
claim 2, wherein the fuel channel between the needle valve UX_an6 the nozzle body (5}js 
of converging-diverging shape_and7 by lifting said needle valve at different magnitudes, 
the minimum cross-section is at the sealing surface during the early stage of fuel 
injection, the minimum cross- section is at said micro-variable-circular-orifice (41_or at the 
sealing surface during the middle stage of fuel injection, and the minimum cross-section 
is at the sealing surface again during the late stage of fuel injection, whereby it has 
means of ensuring fine atomization during all fuel injection stages. 

1842. A mixed-mode fuel injector according to c l aim 1 or 2Tho fuo l injoctor of c l aim 1 or 
eteiro-3, wherein the angle between the centeriine of the conical surface {QLand the 
centerline of the nozzle body £5±js approximately 0-15 degrees, depending on anthe 
angle between athe centerline of the fuel injector and the-a_centerline of the-a_piston in 
thean engine cylinder. 

1£43. A mixed-mods fuel injector according to anv of the preceding claimsThe-4uet 
injector of claim 1 or claim 2, wherein the fluM-fueUnjected san-be -is one or more of 
diesel fuels, gasoline fuels, alternative fuels, mixtures of water and fuels, pure watery 
liquid exhaust cleaning additivesrwfrefeey - in which case, the fuel in j ector is a sorvoo ac a 
general purpose injector. 

2044. A mixed-mode fuel injector a ccording to claim 1A f u ul i n j e ctor of cl n i m 1 o r rhi m 
2, wherein the needle valve ULis passively driven by high fuel pressure.rAA^ereby-which 
provides said driving means. 

2145. A mixed-mode fuel injector according to claim 1 A f uul injuc t or of c la im 1 o r ol n im 
2, wherein the needle valve LQJs actively driven by an actuato r which provides said 
driving means.T 

22. A mived-mode fuel injector acc o rding to claim 21. wherein the which can bo a 
actuator is a solenoid or a piezo actuator ,; whoroby providoo oaid driv i ng mean * 

2346. a mixed-mode fuel injector A fuol i njector , which has a micro-variable-circular- 
orifice (MVCO) comprising a variable circular ring aperture and multiple-micro-channels 
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as in claim 42 , wherein the MVCO is used as a sole orifice or in-combination with other 
multi- hole conventional orifice. 

Thos e or e ck ill od i n tho art w i ll find that i t's oo s y to mako m i nor chang e s to the 

nozz le structuro fol l owing th e samo pr i no i plo i l l ustrated i n this invent i on , ouch oo adding 
m i Gro channe l s or add i ng sp i ra l o on tho nood l e hood or th e conica l surface of tho nozz le 
body, wheroin outor s urfac e s of tho nozz l e body can bo of cyl i ndrica l , conica l , or 
converging diverging shapes, whoroby thoso ramif i cation s aro within tho s cope of th i s 
invent i on. 
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